Alkali nitrites and nitrates, along with sodium chloride have long been used in the curing of meat products to prevent bacterial spoilage and to enhance the flavor, color and texture of these food products. Much concern has been shown about the level of nitrite in food because the nitrite can react in the stomach, with dietary components, to form toxic and carcinogenic nitrosamines.
Alkali nitrites and nitrates, along with sodium chloride have long been used in the curing of meat products to prevent bacterial spoilage and to enhance the flavor, color and texture of these food products. Much concern has been shown about the level of nitrite in food because the nitrite can react in the stomach, with dietary components, to form toxic and carcinogenic nitrosamines. 1 Other danger that can occur after nitrite ingestion is that this ion in the blood stream converts oxyhemoglobin to metahemoglobin, thereby interfering with oxygen transport in the blood. 2 For these reasons, the nitrite content in meat products have been regulated and the majority of the analytical methods recommended by the legislations of different countries to determine its content are based on the Saltzman modification of the classical Griess method. Unfortunately, this spectrophotometric method is time consuming, since a lengthy procedure is necessary to carry out in order to obtain a clear solution before measurement, due to the fine suspensions formed during the meat extraction.
The usefulness of ion-selective electrodes is widely recognized today and their properties and characteristics make them very attractive analytical tools for food analysis. Potentiometric determination of nitrite in smoked fish 3 , and animal feed 4 have been carried out using a nitrogen-oxide gas sensing electrode, with previous conversion of nitrite ion to nitrous acid by addition of an acid buffer. The use of a nitrate-selective electrode for the determination of nitrite in meat products, with previous oxidation to nitrate by addition of potassium permanganate, has been proposed. 5 Recently a nitrite-selective electrode has been commercialized, but successfully applications to food analysis have not been published. In this work the evaluation of the behavior of this electrode and its applicability to the determination of nitrite in different types of meat products is reported for the first time. The limit of detection, precision and accuracy have been established and the results obtained are compared with those obtained by simultaneous application of the spectrophotometric method, recomended by the Spanish legislation 6 which is similar to those adopted by ISO 7 and AOAC.
8
Experimental

Reagents and solutions
Throughout all the experimental work, analytical grade reagents were used; distilled and deionized water with a conductivity of less than 0.1 µS cm -1 was used throughout.
The nitrite stock solution (0.1 M) was prepared from solid sodium nitrite which had been previously ovendried at 110˚C for 24 h. When necessary, the working solutions used in the calibration curves and in the standard addition method were prepared by rigorous dilution of the stock solution.
The ionic strength adjuster (I.S.A) solution (2.0 M) was prepared from solid ammonium sulfate; chloride suppressor solution (0.16 M) was prepared from solid silver sulfate dissolved in ammonium hydroxide.
Apparatus
The following equipment was used: a Perkin-Elmer Lambda 3B UV-V spectrophotometer, an Orion 710 A digital pH/mV meter, an Orion 9346 nitrite-selective electrode, an Orion 90-02-00 AgCl/Ag double junction reference electrode with a 0.1 M ammonium sulfate solution in the outer compartment and the same solution as shipped with the electrode in the inner compartiment, an Orion 94-17-B combined glass electrode for pH measurements, a Metrohm E-586 Labograph recorder, and a Selecta 7000 599 Meditronic centrifuge.
Procedure
Meat product (10 g), previously homogeneized, was weighted into a 250 ml Erlenmeyer flask; 150 ml of ethanol (40%, v/v) were added and the solution was heated (80˚C) and stirred (1 h). The solution was transferred to a 250 ml volumetric flask; 5 ml of each Carrez reagents were added and then the solution was diluted to volume with deionized water. Afterwards, the solu-tion was centrifuged (200 rpm, 5 min), filtered and boiled to 100 ml to drive out any remaining alcohol. Finally, the solution was transferred to a 200 ml volumetric flask and made up to volume with deionized water.
The extracted sample solution (25.0 ml) was pipetted into a 100 ml beaker and 2.0 ml of a 0.16 M silver sulfate solution were added. The solution was filtered and the pH of filtrate was adjusted to 4.5 by adding a 4.0 M sulfuric acid solution. After that, 1.0 ml of a 2.0 M ammonium sulfate solution was added, the solution was transferred to a 50.0 ml volumetric flask and the volume was completed with deionized water. The nitriteselective and reference electrodes were inmersed in this solution and the nitrite concentration was determined by application of the multiple standard addition method.
Results and Discussion
Well-established procedures were used for assessing the response characteristics of three commercial units: namely, the repeated tracing of calibration curves for determining the lower limit of linear response, the practical limit of detection, the slope and the potential stability during the lifetime of the electrodes. 9 The response time was determined by spiking a dilute solution with another more concentrated one, so as to obtain a 10 times more concentrated solution and recording the time required for a stable potential (±0.1 mV). The pH-influence on the electrode response was determined by tracing the corresponding Reilley diagrams. The potentiometric selectivity coefficients of fourteen ions were determined using the separated solutions method. Some of the results obtained, mainly at the concentrations expected in the samples, are shown in Table 1 .
Since many of the anions studied during the determination of the selectivity coefficents are absent or insignificantly low in the extracted samples, the main problem associated with the potentiometric determination of nitrite in meat products is the presence of chloride at high concentrations. 10 When nitrite is determined in drinking and wastewater, the manufacturer recommends the use of a Nitrite Interference Suppressor Solution (NISS) to remove the interferences and to adjust the pH of the samples which is mixed in an equal volume with sample and standard solutions.
This commercialized solution contains silver sulfate which removes the chloride interference, but in many types of meat products the chloride content is very high. Unfortunately, the concentration of silver sulfate in the NISS solution is low, close to the solubility of this salt, so a large volume of this solution ought to be used and the nitrite concentration could be too low to be accurately determined with the electrode. For that reasons we have increased the silver sulfate concentration (0.16 M) by dissolving this compound in ammonia hydroxide solution. The addition of a fixed volume of 2.0 ml of this solution over 25.0 ml of the extracted sample solution proved to be efficient in the removal of the chloride interference.
At the beginning of this work, several samples of different meat products were taken from the market and the extraction method recommended by the Spanish legislation 6 was applied. The nitrite contents were determined by the spectrophotometric reference procedure, but the nitrite concentrations found were very low. For this reason and taking into account that the aim of this work was to establish that the nitrite-selective electrode could be an efficient alternative to the reference method, samples of ten different meat products having a low natural nitrite concentration were spiked with quantities of nitrite ranged from 10 mg kg -1 to 150 mg kg -1 . Multiple standard additions method as potentiometric technique of measurement and the spectrophotometric method adopted as reference technique were simultaneously applied to the extracts of ten different spiked meat products. The precision was determined by their application to 11 samples and by calculating the mean concentrations, the standard deviations and the relative standard deviations (RSD). After several additions of known concentrations of nitrite, the samples were analyzed following the same methods. The percentages of spike recovery determined were used to evaluate the accuracy. From the data obtained, it was possible to affirm that the potentiometric method resulted to be adequate, since the average values of RSD and percentage of spike recovery obtained for the different meat products were 2.1% and 101.3% respectively. The limit of detection established according to the definition of the Analytical Methods Committee 11 was 3.2 mg kg -1 .
To test whether the potentiometric and reference 1002 ANALYTICAL SCIENCES OCTOBER 1998, VOL. 14 Table 1 General working characteristics of the nitriteselective electrode
Lower limit of linear response (M) 10
Practical limit of detection (M) 4×10 -6 Slope (mV/log C) -54. 
